Five-week-old Wistar/Ms rats were inoculated intranasally with a lung homogenate containing a strain of cilia-associated respiratory (CAR) bacillus and were examined on days 4,7,14,21, 28 and 56 postinoculation (PI). Some rats showed clinical signs with wheezing and considerable body weight loss from day 21 PI. Gross lesions, including enlargement of lungs with focal atelectasis, bronchiectasis and emphysema, were observed from day 21 PI. Histologically, round cell infiltration was first present in the lamina propria of the nasal respiratory mucosa on day 7 PI. From day 14 PI, colonization of the CAR bacillus (4-8 ",m in length), associated with round cell infiltration in the lamina propria and the peripheral regions, was observed in the ciliated mucosa of the bronchioles, bronchi, trachea and nasal cavities. Generally, the lesions progressed and expanded from upper to lower airways with time. Sporadic mucopurulent bronchopneumonia was observed from day 21 PI in some rats. The CAR bacilli (0· 2-0·25 #Lm in diameter) were also demonstrated electron-microscopically in the ciliated epithelium of the intrapulmonary airways. The CAR bacillus antigen was demonstrated on the ciliated mucosa of the affected airways by the indirect immunofluorescence assay technique. Microbiological examination revealed that the rats used in this study were free from other known respiratory pathogens throughout the experimental period. Thus, it is suggested that the CAR bacillus alone can produce a murine respiratory disease. Fourteen days were needed for pathological lesions to develop.
Pathology of rats intranasally inoculated with the cilia-associated respiratory bacillus
S. MATSUSHITA I & H. JOSHIMA2 Animal and Plant Sciences; and 2Training School, National Institute of Radiological Sciences, Anagawa 4-9-1, Chiba, Chiba 260, Japan Summary Five-week-old Wistar/Ms rats were inoculated intranasally with a lung homogenate containing a strain of cilia-associated respiratory (CAR) bacillus and were examined on days 4,7,14,21, 28 and 56 postinoculation (PI). Some rats showed clinical signs with wheezing and considerable body weight loss from day 21 PI. Gross lesions, including enlargement of lungs with focal atelectasis, bronchiectasis and emphysema, were observed from day 21 PI. Histologically, round cell infiltration was first present in the lamina propria of the nasal respiratory mucosa on day 7 PI. From day 14 PI, colonization of the CAR bacillus (4-8 ",m in length), associated with round cell infiltration in the lamina propria and the peripheral regions, was observed in the ciliated mucosa of the bronchioles, bronchi, trachea and nasal cavities. Generally, the lesions progressed and expanded from upper to lower airways with time. Sporadic mucopurulent bronchopneumonia was observed from day 21 PI in some rats. The CAR bacilli (0· 2-0·25 #Lm in diameter) were also demonstrated electron-microscopically in the ciliated epithelium of the intrapulmonary airways. The CAR bacillus antigen was demonstrated on the ciliated mucosa of the affected airways by the indirect immunofluorescence assay technique. Microbiological examination revealed that the rats used in this study were free from other known respiratory pathogens throughout the experimental period. Thus, it is suggested that the CAR bacillus alone can produce a murine respiratory disease. Fourteen days were needed for pathological lesions to develop. Spontaneous cilia-associated respiratory (CAR) bacillus infection has been reported in rats (van Zwieten et al., 1980; MacKenzie et al., 1981; Ganaway et al., 1985; Matsushita, 1986) , mice (MacKenzie et al., 1981) and rabbits (MacKenzie et al., 1981) , although experimental infection has not been very successful because the bacteria cannot grow in cell-free media. However, the CAR bacillus was isolated in chicken embryo allantoic fluid, and the infection reproduced in mice and rats by the intranasal route (Ganaway et al., 1985) . Thus, it has been suggested that CAR bacillus is one of the causative agents of murine chronic respiratory disease (CRD). We also successfully transmitted a strain of CAR bacillus to mice using a lung homogenate of a spontaneously affected rat. In addition, antibody to the CAR bacillus was detected in rats which had been intranasally inoculated with the lung homogenate of the abovementioned mice by the indirect immunofluorescence assay (IF A) technique (Matsushita et al., 1987) . In this paper, the pathology of the same rats examined at intervals up to 56 days postinoculation (PI) is described and the possible pathogenesis of the disease is discussed.
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Materials and methods
Animals
Specified-pathogen-free (SPF) male BALB/c mice, 2 months old, and 18 SPF Wistar/Ms rats, 5 weeks old, were used in this study. These animals were derived from the colonies in our Institute, which were negative on culturing for Salmonella spp., Escherichia coli 0115a, c:K(B), Pseudomonas aeruginosa, Pasteurella pneumotropica, Bordetella bronchiseptica, Corynebacterium kutscheri and Mycoplasma pulmonis, by complement fixation (CF) test for Tyzzer's organism, mouse hepatitis virus, Sendai virus and M. pulmonis, and by agglutination for B. bronchiseptica and C. kutscheri, and for endoparasites and ectoparasites.
Throughout the experimental period, all animals went through an acclimatization period of one week, were housed in an animal safety cabinet .controlled at 24 ± 2°C and 55 ± 1OllJo r.h.
with 10-15 exchanges of 70% fresh and 30% recirculated air per hour and 12 h light-dark cycle (fluorescent lighting of 150-300 lux at O' 85 m above floor, 0700-1900 h). Groups of 5 mice were maintained on autoclaved wood chip bedding in autoclaved aluminium cages (300 x 170 x 100 mm) and groups of 3 rats were maintained in autoclaved stainless wire mesh cages (360 x 250 x 200 mm). They were provided with autoclaved commercial pelleted feed (MB-l: Funabashi Farm Co., Funabashi, Chiba, Japan) and chlorinated (10-15 ppm) drinking water ad libitum.
Inoculum and inoculation
The SMR strain of CAR bacillus originating from a spontaneously affected Wistar/Ms rat (Matsushita, 1986 ) was used in this study. SPF BALB/c were used as the primary transmitters. The procedures for transmitting and making the inoculum (lung homogenate of transmitters) have been described previously (Matsushita et al., 1987) . These procedures were performed aseptically.
The inoculum contained 8,5 X 10 7 /ml of the CAR bacillus SMR strain, which was counted using smear preparations stained by the Fontana method. Each Wistar/Ms rat was intranasally inoculated with O·1ml of the inoculum under light ether anaesthesia.
Sampling
The transmitter mice were killed with chloroform. Nasal and tracheal swabs as well as lung stamps Matsushita & Joshima were collected for bacteriology and the sera were collected for serology. Three Wistar/Ms rats were euthanized with chloroform on days 4,7, 14,21, 28 and 56 PI. Tissue and serum samples were collected from all rats. Nasal and tracheal swabs and lung stamps were collected from one rat per sampling date for bacteriological examination.
Pathological examination
The lungs, trachea and head were fixed in 10% buffered formalin. The head was decalcified with 10% formic acid formalin and cut to examine the nasal cavity and middle ears. Sections were made by routine methods and stained with haematoxylin and eosin (H&E). Selected sections were stained by Grocott's and periodic acid-Schiff methods. The lungs were also fixed in 3, 5% glutaraldehyde buffered to pH 7, 4 with O· 1M sodium cacodylate, postfixed in osmium tetroxide, dehydrated and embedded in Epon 812. Thin sections were cut, stained with uranyl acetate and lead citrate and examined in an electron microscope.
Immunofluorescence study A previously described IFA technique (Matsushita et al., 1987) was used to determine the localization of antigen. The lungs and trachea were fixed in cold 80% ethanol, embedded in paraffin wax (melting point, 46-48°C) and sectioned. Rat sera collected from naturallyoccurring cases and the present experiment and mouse sera collected from the present transmitter animals were used as the primary serum, which were seropositive to the CAR bacillus by the IFA test (Matsushita et al., 1987) . Stocked sera obtained from rats naturally infected with Sendai virus and M. pulmonis and from non-infected control rats were also used. As the secondary serum, fluorescein conjugated anti-rat IgG goat serum and fluorescein conjugated antimouse IgG goat serum (Jackson Immunoresearch Laboratory, West Grove, PA, USA) were used.
Microbiological examination
The nasal and tracheal swabs, the lung stamps collected from the animals and the inoculum were cultured aerobically on 10070 sheep blood and PPLO agar (Difco Laboratories, Detroit, MI, USA). Serological tests (CF) for the abovementioned pathogens (see Animals) were performed on the sera collected from all animals. Additionally, all rat sera were examined for antibodies to M. pulmonis by ELISA test.
Results
Clinical findings
From day 21 PI, some of the rats showed respiratory signs such as wheezing, decreased activity, and ruffled fur. The body weight decreased from day 21 PI as compared with that of the age-matched control rats ( Fig. I ). Throughout the experimental period these signs were recognized but no rats died.
of the cases having the lung foci. In transverse sections of the affected lobes, the bronchi were dilated and the peribronchial areas had the appearance of a milky-white ring. The bronchial and mediastinal lymph nodes enlarged from day 21 PI.
Histopathological findings
The main histological features of the respiratory tract are summarized in Table 1 . The most characteristic and common lesions were attachment of CAR bacillus on the ciliated epithelium and subsequent infiltration with round cells (large lymphoid cells, plasma cells and lymphocytes) in the lamina propria of the airways and the peripheral regions. Both lesions were observed in the airways from day 14 PI except for the only Fig. 1. Body (e) and lung (.) weights of experimental rats. Open marks represent age-matched control rats. Each point on the graph represents mean and range of 3 rats.
Gross lesions
The lungs enlarged and increased in weight from day 14 PI (Fig. I) . Pale reddish-brown atelectatic foci in the lungs were scattered on day 21 PI, while yellowish-brown foci were seen on days 28 and 56 PI. Transparent mucoid fluid was present in the bronchi and trachea o III mild degree of round cell infiltration in the lamina propria of the nasal ciliated mucosa on day 7 PI. These changes progressed with time, but the colonization of CAR bacillus on the ciliated epithelium of the trachea and nasal cavities was slightly mitigated on day 56 PI. Mucopurulent exudate with some round cells was shown in the lumina of the affected airways. It was most severe in the nasal cavities.
In the lungs, some main stem-bronchi and the proximal portions of the secondary bronchi were involved on day 14 PI. The lesions expanded progressively toward the periphery up to day 56 PI. In the affected bronchial tree, variable degrees of bronchiectasis and bronchiolectasis with peripherallymphoid follicles and germinal centres, atelectasis and compensatory emphysema were observed. Sporadic mucopurulent bronchopneumonia associated with exudation of a large number of macrophages and some lymphocytes in alveoli as well as with alveolar epithelial hyperplasia was observed in the lobes having the atelectatic foci.
In the affected trachea, bronchi and bronchioles, the epithelial layer was increased in height, twice to three times the normal, associated with an'increase in number of goblet cells (Fig. 2) . Furthermore, in the severely affected mucosa, the epithelial layers were thinned by the abundant round cell infiltration encroaching on them, on Matsushita & Joshima which colonization of CAR bacillus was partly lost (Fig. 3) .
In the nasal cavities, the epithelia of the turbinates showed a slight to mild degree of squamous metaplasia from day 21 PI and the epithelia of the septa showed a moderate degree of adenomatous hyperplasia on day 56 PI (Fig.  4) . In the middle ears, a mild to moderate degree of tympanitis consisting of infiltration of lymphocytes, neutrophiles, macrophages and a few foreign body giant cells in the epithelium was observed from day 28 PI.
Enlargement of the bronchial and mediastinal lymph nodes was attributed to follicular hypertrophy and an increase of plasma cells in the medullary cords. No significant changes were in the thymus and spleen. In preparations stained with the Grocott's method, numerous argentaffin filamentous CAR bacilli being variable in length (4 to 8 ILm) had colonized on the ciliary borders of the epithelium and a few were lying free in the mucus exudate in the lumina of the affected airways. 
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Electronmicroscopically, thin filamentous bacteria (0' 2-0' 25 J.tm in diameter) were demonstrated parallel to and among the cilia of the affected epithelial cells of the bronchi and bronchioles (Figs 5 and 6) . The bacillus had a triple-layered cell wall, electron-lucent space, plasma membrane and electron-dense cytoplasm. The width of the end of the bacillus was narrower than the middle. No bacillus penetrated the cytoplasmic membrane of the epithelial cells. The cilia were occasionally lost from the epithelial cells on which the bacilli were severely colonized. In the apical cytoplasm of such cells, basal bodies were scattered irregularly (Fig. 6 ).
Immunofluorescence
Typical immunofluorescence was observed with the CAR bacilli only on the ciliary borders and with some in the exudate in the lumina of the affected airways, when the antibody-positive sera were applied to the preparations.
No immunofluorescence was detected, when the Sendai viruspositive, M. pulmonis-positive and control rat sera were applied to the same preparations.
Microbiological findings
Bacteria nor M. pulmonis were isolated from the tested samples and inocula. The sera from all of the experimental animals were seronegative to above-mentioned pathogens including M.
pulmonis by CF or ELISA tests.
Discussion
We have described an experimentally induced respiratory disease and the morphogenesis of the respiratory lesions in rats after intranasal inoculation with a lung homogenate of mice containing the CAR bacillus (SMR strain). The disease is almost identical to those of spontaneous (van Z wieten et al., 1980; MacKenzie et al., 1981; Ganaway et al., 1985; Matsushita, 1986 ) and experimental (Ganaway et 01., 1985) CAR bacillus infection in rats. The CAR bacilli were first demonstrated in the airways on day 14 PI, and the lesions progressed and expanded from upper to lower airways with time. These findings are in agreement with those of a previous study in rats and mice (Ganaway et al., 1985) , and indicate that CAR baciIIus is demonstrable in airways by 2 weeks after intranasal inoculation. The disease resembled murine CRD, i.e. murine respiratory mycoplasmosis (MRM) (Innes et al., 1956; Newberne et al., 1961; Giddens et al., 1971; Lindsey et al., 1971; Lindsey et al., 1978) except for the presence of CAR bacillus. However, the inoculum and animals used in the present experiment were not contaminated by known respiratory pathogens including M. pulmonis. The specificity of IFA antibody to CAR bacillus has been described previously (Matsushita et al., 1987) . The specific fluorescence from CAR bacillus was observed when it was applied by antibody positive sera collected from the rats and mice infected spontaneously or experimentally. These results suggest that CAR bacillus is transmissible among rats and mice and causes a respiratory disease. Although M. pulmonis and CAR bacillus produce similar respiratory lesions, both disease should be discriminated.
It seems that the pathogenicity of the SMR strain of CAR bacillus to the ciliated epithelium of rats is rather slight, since the mucosa of the respiratory tract was less damaged in comparison with that in MRM (Innes et al., 1956; Newberne et al., 1961; Giddens et al., 1971; Lindsey et al., 1971; Lindsey et al., 1978) .
There seems to be a correlation between the weight of the lungs and the extent and intensity of their pathological lesions after the experimental infection. An increase in height of the epithelial layer and a subsequent increase in number of goblet cells may contribute to a protective mechanism, namely mucociliary action extruding irritants (Killough, 1974) . Mucopurulent pneumonia of variable intensity has been described in spontaneous CAR bacillus infection of rats with (van Zwieten et al., 1980) or without (Ganaway et al., 1985) intercurrent disease. In the present study, mucopurulent bronchopneumonia was observed in some severely affected lobes from day 21 PI, but the CAR bacillus was not detected in the proliferative Matsushita & Joshima alveolar epithelial cells not in the inflammatory cell components. This implies that inflammation expanded from the involved bronchioles to the peripheral alveoli. Continuance of active round cell reaction and high level antibody titres (Matsushita et al., 1987) suggests the intensity of antigenicity of the bacilli, as described previously (Ganaway et al., 1985) .
Indigenous bacterial flora may participate in the damage of the nasal ciliated epithelium, since the reactive changes were somewhat severer than those in the other portions of the airways. The present tympanitis seems to result from an expansion from the nasal cavity since colonization of CAR bacillus in the ciliated epithelium of the middle ears and eustachian tubes has been described previously (van Zwieten et al., 1980; MacKenzie et al., 1981) and tympanitis occurred in a late stage of the present experiment.
The scattered basal bodies in the respiratory epithelial cells observed here have been described previously in the regenerative rat tracheal epithelium (Lane & Gordon, 1974) and in the indifferent (mucous-ciliary differentiation) cells of hamster respiratory epithelium (Becci et al., 1978) . It is commonly believed that cilia are lost upon exposure to a variety of irritations. It is to be expected that the basal bodies would be scattered in such cells. Further electronmicroscopic studies will elucidate this point.
As previously reported (Matsushita et al., 1987) , antibody to the CAR bacillus in the present rat sera was first detected on day 14 PI. Those and the present results suggest that the CAR bacillus alone can produce a murine respiratory disease and that 2 weeks are needed for serological and pathological changes to develop.
